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Objectives. This prospective, blinded transesophageal echocar- 
diographic study was performed to determine the relative contri- 
butions of leaflet redundancy and overlap versus intrinsic tissue 
thickening as mechanisms for the apparent increase in diastolic 
thickness of the mitral valve. 
Background. Increased diastolic thickness of the mitral valve 
has been identified as an echocardiographic feature that predicts 
subsequent adverse sequelae in patients with mitral valve pro- 
lapse (MVP). 
Methods. Eleven patients with clinical and transthoracic echo- 
cardiographic evidence of MVP and 11 age-matched control 
subjects underwent protocol transesophageal echocardiography to
image the mitral valve in two orthogonal planes and to measure its 
thickness in systole and diastole. 
Results. Maximal diastolic width of the slack, unloaded ante- 
rior leaflet was significantly greater in patients with MVP than in 
control subjects (mean -+ SD: 0.64 -- 0.20 cm vs. 0.30 + 0.04 cm, 
p < 0.001). Similarly, diastolic posterior leaflet width was greater 
in patients with MVP (0.67 -+ 0.39 cm vs. 0.31 -+ 0.06 cm, p < 
0.01). In contrast, minimal systolic width of the distended 
pressure-loaded mitral valve was not significantly different be- 
tween patients with MVP and control subjects for either the 
anterior (0.22 -+ 0.05 cm vs. 0.20 _+ 0.04 cm, p = NS) or the 
posterior (0.25 -+ 0.07 cm vs. 0.24 -+ 0.05 cm, p = NS) leaflets. The 
percent change in leaflet width from diastole to systole (%AW), an 
index of the contribution of dynamic factors (e.g., leaflet redun- 
dancy and overlap) to the apparent increase in diastolic leaflet 
thickness, was significantly greater in patients with MVP than in 
control subjects for both the anterior (%AW 62 -+ 13% vs. 34 -+ 
16%, p < 0.001) and the posterior (%AW 54 -+ 19% vs. 22 -- 21%, 
p < 0.005) leaflets. 
Conclusions. The apparent increase in diastolic mitral leaflet 
thickness in patients with MVP versus control subjects is largely 
attributable to dynamic factors such as leaflet redundancy, over- 
lap and deformation. During diastole, when the mitral eaflets are 
slack and unstressed, the leaflets appear markedly thickened in 
patients with MVP. In contrast, during systole, when developed 
intraventricular pressure distends the leaflets, causing them to 
stretch and balloon into the left atrium, the intrinsic tissue 
thickness is much less than that measured in diastole. These 
findings have important implications for the morphologic criteria 
used to diagnose MVP and the potential pathophysiologic mech- 
anisms for adverse sequelae in this syndrome. 
(J Am CoU Cardiol 1996;28:465-71) 
Mitral valve prolapse (MVP) is a clinical entity comprising a
constellation of characteristic patient history, typical findings 
on physical examination and structural changes in the mitral 
valve, which can be demonstrated by echocardiographic tech- 
niques (1). The recognition that there is a range of normal 
variation in the degree of superior displacement of the mitral 
leaflets toward the left atrium (1), the definition of which is 
further complicated by the complex nonplanar geometry of the 
mitral annulus (2,3), has provided the impetus for identifying 
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other distinguishing morphologic haracteristics of the pro- 
lapsing mitral valve. The discovery of the apparent diastolic 
thickness of the mitral valve, as measured by M-mode echo- 
cardiographic (4) and transthoracic two-dimensional echocar- 
diographic (5-8) techniques, has particular prognostic signifi- 
cance. Diffuse thickening of the mitral leaflets (measured as 
leaflet width) and abnormal redundancy of the tissue (mea- 
sured as increased leaflet circumference r lative to chamber 
size) have been identified as distinguishing features of a classic 
form of MVP (6), which is associated with an increased 
prevalence of infective ndocarditis, moderate to severe mitral 
regurgitation and the need for mitral valve replacement. 
Although some investigators have estimated leaflet hickness 
to be as much as 1.6 cm, they were careful to point out that 
such measurements may reflect leaflet redundancy (overlap of 
enfolded tissue enclosing blood pool) as well as intrinsic tissue 
thickening (4). Increased leaflet issue thickness with chordal 
and leaflet elongation and redundancy have been demon- 
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strated on pathologic examination of prolapsing mitral valves 
(9,10). In one such autopsy study, increased tissue thickening 
of the intermediate scallop of the posterior mitral leaflet 
appeared to be a morphologic feature distinguishing patients 
with mitral valve prolapse who died suddenly from patients 
dying of noncardiac auses, in whom MVP was an incidental 
finding (11). This pathologic finding is especially intriguing in 
light of multivariate analyses of echocardiographic features of 
the mitral valve demonstrating that a mitral leaflet thickness 
->0.5 cm was the only variable predictive of sudden death (4) in 
patients with MVP. 
Transesophageal chocardiography affords the unique op- 
portunity to examine the dynamic onfiguration of the mitral 
valve in this syndrome (12-14), to further elucidate the con- 
tributions of intrinsic tissue thickness and leaflet redundancy to
the apparent leaflet hickness measured by transthoracic e ho- 
cardiographic techniques. In patients with MVP, we have 
observed a marked variation in apparent leaflet thickness 
between diastole (when the leaflets are in a slack position 
parallel to mitral inflow) and systole (when the leaflets are 
billowing into the left atrium). We hypothesized that during 
deceleration of early diastolic filling, the mitral leaflets are 
unloaded and lie passively in the stream of left ventricular 
inflow. Under such circumstances the bulky redundant tissue 
may overlap upon itself, creating the echocardiographic ap- 
pearance of increased leaflet thickness. In contrast, during 
systole, at the time of maximal eaflet prolapse, the tissue is 
loaded by left ventricular systolic pressures, resulting in disten- 
tion and stretching of the leaflet issue, thus minimizing leaflet 
overlap and accounting for an apparent decrease in leaflet 
thickness. Accordingly, this transesophageal echocardio- 
graphic study of patients with MVP was performed to elucidate 
the contributions of tissue redundancy and leaflet overlap to 
the apparent diastolic thickness of the mitral leaflets, as 
measured by echocardiographic te hniques. 
Methods  
Selection of subjects. Study subjects were selected from a 
large cohort of ambulatory patients who initially presented 
with a clinical history and physical examination suggestive of 
MVP. All patients were clinically stable and free of acute 
complications of MVP (e.g., worsening heart failure due to 
mitral regurgitation, symptomatic and life-threatening arrhyth- 
mias, new transient or fixed neurologic deficits, findings sug- 
gestive of acute infectious endocarditis). As such, the study 
group was representative of a stable ambulatory cohort of 
subjects with potential MVP. Study subjects were selected 
solely on the basis of 1) their willingness to voluntarily undergo 
protocol transesophageal echocardiography, and 2) the exis- 
tence of a previous transthoracic echocardiogram demonstrat- 
ing the clearcut presence or absence of MVP based on the 
evaluation of mitral eaflet displacement relative to the annular 
hinge points on the parasternal long-axis imaging plane (2,3). 
Using these criteria, 11 age-matched pairs of subjects were 
prospectively selected, one with and one without MVP by 
transthoracic echocardiographic criteria. Patients with (8 
women, 3 men) and without (10 women, 1 man) MVP were 
comparable with respect to age ([mean +_ SD] 41 _+ 12 vs. 39 _+ 
11 years, p = NS), height (170 +_ 8 vs. 165 _+ 8 cm, p = NS), 
weight (62 _+ 14 vs. 64 +- 13 kg, p = NS) body surface area 
(1.7 __ 0.2 vs. 1.7 _+ 0.2 m 2, p = NS) and mean systemic arterial 
pressure (90 -+ 15 vs. 95 +_ 6 mm Hg, p = NS). Written 
informed consent was obtained for protocol transesophageal 
and transthoracic echocardiography, in accordance with a 
previously approved Institutional Review Board protocol. 
Transthoracic and transesophageal echoeardiography. 
Transthoracic echocardiography using a Hewlett-Packard 
500K or Sonos 1000 echocardiograph or an ACUSON XP-10 
echocardiograph interfaced to standard focal length 2.5- or 
3.5-MHz transthoracic transducers was repeated for all pa- 
tients. The echocardiographer performing the study had no 
knowledge of the subjects' previous diagnoses. A standard 
transthoracic two-dimensional echocardiographic examination 
was performed from multiple imaging planes with the subject 
recumbent in the left lateral decubitus position and breathing 
quietly. 
Before transesophageal echocardiography, continuous 
monitoring of the limb lead II electrocardiogram, digital pulse 
oximeter and automated noninvasive brachial artery blood 
pressure monitor was established. Pharyngeal nd hypopharyn- 
geal topical anesthesia was achieved by having the patient 
gargle 2% tetracaine hydrochloride inaqueous olution (2.0 ml 
diluted in 30 ml of water) or by aerosolizing amixture of 14% 
benzocaine and 2% tetracaine hydrochloride (two puffs) into 
the posterior pharynx. Conscious edation was achieved by the 
intravenous administration of either midazolam hydrochloride 
(1 to 5 rag) or diazepam (2 to 10 mg). A Hewlett-Packard 
Sonos 1000 or 1500 echocardiograph interfaced to a biplane or 
omniplane transesophageal (centerline carrier frequency 
5 MHz) probe or an ACUSON XP-10 echocardiograph inter- 
faced to a biplane transesophageal probe (centerline carrier 
frequency 5 MHz) was used to perform the protocol two- 
dimensional transesophageal echocardiographic study. The 
echocardiographer ad no knowledge of the subjects' previous 
diagnoses or the protocol transthoracic echocardiogram. 
Views of the cardiac structures were obtained from orthogonal 
imaging planes obtained at multiple levels of transesophageal 
probe insertion, including the gastric fundus, gastroesophageal 
junction and low, mid and high esophagus. At any given level 
of probe insertion, transducer positioning was optimized not 
only by selecting standardized crystal orientations (biplane 
probe: transverse and longitudinal orientations; omniplane 
probe: variable crystal rotation from 0 to 180°), but also by 
anterior flexion/posterior extension, lateral flexion as well as 
axial rotation of the probe. Particular attention was directed 
toward complete visualization of the mitral leaflets from their 
chordal attachments with the papillary muscles to their annular 
hinge points. Mediolateral relations of the two mitral leaflets 
were also interrogated by minor changes in probe position and 
axial rotation to image all three scallops of the posterior leaflet 
and the full extent of the anterior leaflet. In addition, definite 
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identification of the anterior mitral leaflet was achieved by 
incremental probe positioning to track its attachments to the 
aortic mitral intervalvular fibrosa. In contrast, definite identi- 
fication of the posterior mitral eaflet was achieved by incre- 
mental probe positioning to track its attachments o the 
endocardial free wall junction of the left ventricle with the left 
atrium. Instrument settings (delivered power, receiver gain, 
time gain compensation a d gray-scale dynamic range) were 
adjusted to minimize "blooming" artifacts and to clearly define 
valvular structures and endocardial interfaces. All procedures 
were well tolerated and performed without complications. 
Transthoracic and transesophageal chocardiographic stud- 
ies were recorded on 0.5-in. VHS videotape and encoded by a 
random number scheme for off-line analysis by an echocardi- 
ographer in a blinded manner. 
Measurements and calculations. Protocol transthoracic 
echocardiograms were reviewed by an echocardiographer with 
no knowledge of the subject's clinical diagnoses and protocol 
transesophageal echocardiographic findings. From the 
parasternal long-axis view of the left ventricle and left atrium, 
the diagnosis of MVP was ascertained by previously defined 
criteria (2,3): MVP was considered present if any portion of 
either leaflet (including the coaptation line) fell on the left 
atrial side of a chord connecting the annular hinge points 
during systole. Using this criterion, 11 subjects (hereinafter 
referred to as patients with MVP) had reconfirmation of 
definite transthoracic echocardiographic evidence of MVP, 
and 11 subjects (hereinafter referred to as control subjects) had 
reconfirmation of the absence of transthoracic echocardio- 
graphic evidence of MVP. 
Protocol transesophageal chocardiograms were reviewed by 
an echocardiographer without knowledge of the subject's 
clinical diagnoses and protocol transthoracic echocardio- 
graphic findings. Images of the mitral valve from the retroatrial 
probe position were examined in two principal orthogonal 
imaging planes: 1) the four-chamber view of the heart, includ- 
ing the cardiac rux and excluding the left ventricular outflow 
tract; and 2) the two-chamber view of the left ventricle and left 
atrium. In diastole, the anterior and posterior leaflets of the 
mitral valve were examined uring their closing motion after 
maximal diastolic opening excursion; this is equivalent to the 
EF time interval on the M-mode mitral valve echocardiogram. 
Extensive recorded images of the anterior and posterior mitral 
leaflets in both imaging planes were examined to identify the 
image displaying maximal diastolic width of a given leaflet 
(during the specified time interval), excluding focal areas of 
increased leaflet width. The width of the body (clear portion) 
(8) of that leaflet was measured with digital calipers as the 
distance from the ventricular to the atrial surface of the leaflet 
perpendicular to the surface of the leaflet. After determination 
of the maximal diastolic width of a given mitral eaflet (from 
the two principal imaging planes), the tape was advanced to the 
succeeding systolic phase of the cardiac ycle, at which point 
the minimal systolic leaflet width of the same leaflet was 
measured (in the same principal imaging plane and probe 
orientation used to measure maximal diastolic width). This 
measurement was usually obtained in mid to late systole, which 
corresponded to the timing of maximal systolic displacement of
the mitral leaflet into the left atrium in patients with MVP. 
Minimal systolic leaflet width was measured at the body (clear 
portion) (8) of the leaflet as the distance from the ventricular 
to the atrial surface of the leaflet perpendicular to the leaflet 
surface and excluding focal areas of decreased leaflet width. 
All measurements were made on images digitized from analog 
VHS tape recordings using a Nova Microsonics Image Vue 
Workstation. 
Fractional change in mitral leaflet width (%AW). The 
maximal leaflet width in diastole (max WD) and the minimal 
leaflet width in systole (min Ws) were compared for both 
anterior and posterior mitral leaflets to identify that compo- 
nent of maximal diastolic leaflet width which was dynamic, 
deformable and not related to intrinsic thickening of the valve. 
This measurement was expressed as the percent fractional 
change of mitral eaflet width: 
[(max WD) -- (min Ws)] × 100 
%AW = 
max WD 
Statistical methods. Comparison of measurements be- 
tween patients with MVP and control subjects was performed 
using the unpaired t test and the Student distribution. Paired 
measurements for a given individual (e.g., comparison between 
diastole and systole) were compared with the paired t test and 
the Student distribution. A p value <0.05 was considered 
statistically significant. Results are presented as mean value _+ 
SD. 
Results  
Mitral leaflet width. The maximal diastofic width of the 
anterior mitral eaflet in two mutually perpendicular imaging 
planes was significantly greater for patients with MVP than for 
control subjects (0.64 _+ 0.20 vs. 0.30 + 0.04 cm, p < 0.001) by 
the unpaired t test. The maximal diastolic width of the poste- 
rior mitral eaflet was also significantly greater for patients with 
MVP than for control subjects (0.67 _+ 0.39 vs. 0.31 _+ 0.06 cm, 
p < 0.01). Thus, during deceleration f early transmitral fi ling, 
when the mitral leaflets were not tensed and were relatively 
slack, the apparent thickness of the leaflets was greater in 
patients with MVP than in control subjects. 
In contrast, he minimal systolic width of the anterior mitral 
leaflet (in the same imaging plane where maximal diastolic 
anterior leaflet width was measured) was not significantly 
different between patients with MVP and control subjects 
(0.22 _+ 0.05 vs. 0.20 + 0.04 cm, p = NS). Similarly, the 
minimal systolic width of the posterior mitral eaflet was not 
significantly different between patients with MVP and control 
subjects (0.25 _+ 0.07 vs. 0.24 _+ 0.05 cm, p = NS). Thus, during 
systole, when the mitral eaflets were under maximal tension 
and stretch owing to the distending forces of intracavitary left 
ventricular systolic pressure, the thickness of the leaflets was 
similar in patients with MVP and control subjects. 
Analyzed on a subject by subject basis (paired t test), 
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Figure 1. Fractional change in leaflet width from diastole to systole 
(%AW) in patients with mitral valve prolapse (MVP) (hatched col- 
umns) compared with that in control subjects (dotted columns). To 
estimate the proportion of diastolic leaflet width attributable to 
dynamic hanges in leaflet appearance (due to leaflet redundancy and 
overlap) as opposed to intrinsic tissue thickening, %AW was computed 
for both study groups (see Methods section). For both the anterior 
(62 +_ 13% vs. 34 +- 16%) and the posterior (54 _+ 19% vs. 22 + 21%) 
mitral eaflets, %AW was significantly greater for patients with MVP 
than for control subjects by the unpaired t test. These findings 
demonstrate that in patients with MVP, in comparison to control 
subjects, a greater proportion of the apparent diastolic thickness of the 
mitral valve is due to dynamic factors uch as leaflet redundancy and 
overlap. 
minimal systolic width of the mitral valve was significantly less 
than maximal diastolic width for both the anterior leaflet 
(0.22 _+ 0.05 vs. 0.64 _+ 0.20 cm, p < 0.001) and the posterior 
leaflet (0.25 - 0.07 cm vs. 0.67 - 0.39 cm, p < 0.005) in 
patients with MVP. Similarly, for control subjects, minimal 
systolic width of the mitral valve was significantly less than 
maximal diastolic width for both the anterior leaflet (0.20 _+ 
0.04 vs. 0.30 _+ 0.04 cm, p < 0.001) and the posterior leaflet 
(0.24 +_ 0.05 vs. 0.31 +_ 0.06 cm, p < 0.005). 
Relative changes in mitral leaflet width between diastole 
and systole. The relative changes in leaflet width between 
diastole and systole were calculated on a subject-by-subject 
basis as the percent fractional change in mitral leaflet width 
(%AW) (Fig. 1). For the anterior mitral leaflet, %AW was 
significantly greater for patients with MVP than for control 
subjects (62 ___ 13% vs. 34 + 16%, p < 0.001) by the unpaired 
t test. Similarly, for the posterior mitral leaflet, %AW was 
significantly greater for patients with MVP than for control 
subjects (54 _+ 19% vs. 22 + 21%, p < 0.005). Thus, although 
the decrease in apparent leaflet hickness between diastole and 
systole (from maximal diastolic width to minimal systolic 
width) is seen in both patients with MVP and control patients, 
the effect is significantly more pronounced in patients with 
MVP. This is illustrated in Figure 2, where orthogonal biplane 
images of the mitral valve from a control subject demonstrate 
relatively thin leaflets, which coapt normally during systole 
under the tension of intracavitary left ventricular systolic 
pressure. In contrast, during diastole, when the mitral leaflets 
are unloaded and no longer stretched, they appear slightly 
thicker. In contrast, in a patient with MVP (Fig. 3) the 
unloaded mitral valve in diastole appears very bulky and 
LA 
LV ~' 
g 
j 
£,e  
~ LA 
LV 
? RV 
Figure 2. Stop-frame images of the heart in systole (A, B) and diastole 
(C, I)) from two orthogonal imaging planes obtained by transesopha- 
geal echocardiography from a retroatrial probe position in a control 
subject. The two-chamber view of the left atrium (LA) and left 
ventricle (LV) is illustrated in systole (A) and diastole (C). The 
four-chamber view of the left atrium, right atrium, left ventricle and 
right ventricle (RV), including the cardiac rux, is illustrated in systole 
(B) and diastole (D). The mitral valve leaflets lie entirely on the left 
ventricular side of a chord connecting their annular hinge points and 
do not prolapse into the left atrium in systole. The mitral leaflets 
appear slightly thicker in diastole than in systole. 
grossly thickened. In the same patient systolic loading of the 
leaflets by left ventricular intracavitary pressure results in 
ballooning of the mitral valve into the left atrium and apparent 
thinning of the intrinsic leaflet structures. Direct comparison 
of Figures 2 and 3 demonstrates that the apparent change in 
leaflet thickness from diastole to systole is much more pro- 
nounced for the patient with MVP (Fig. 3) than for the control 
subject (Fig. 2). 
Discuss ion  
Findings of the present study. Precise high resolution 
transesophageal echocardiographic measurements of mitral 
leaflet width demonstrate hat the apparent thickness of both 
leaflets is greater in diastole than in systole for all subjects 
examined. An unexpected finding was that minimal systolic 
leaflet width, which should be the best measure of intrinsic 
tissue thickness, was no different between patients with MVP 
and control subjects for either anterior or posterior mitral 
leaflets. In contrast, in patients with MVP the diastolic mitral 
leaflet width is almost wice that measured in control subjects. 
These apparently contradictory findings can only be reconciled 
by the presence of a significant dynamic omponent to diastolic 
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Figure 3. Stop-frame images of the heart in systole (A, B) and diastole 
(C, D) from two orthogonal imaging planes obtained by transesopha- 
geal echocardiography from a retroatrial probe position in a patient 
with mitral valve prolapse. The two-chamber view of the left atrium 
(LA) and left ventricle (LV) is illustrated insystole (A) and diastole 
(C). The four-chamber view of the left atrium, right atrium, left 
ventricle and right ventricle (RV), including the cardiac rux, is 
illustrated in systole (B) and diastole (D). Both mitral valve leaflets 
prolapse into the left atrium in systole, such that some portion of the 
valve tissue lies on the left atrial side of a chord connecting the annular 
hinge points in systole. The mitral eaflets appear much thicker in 
diastole than in systole. Incomparison to the control subject illustrated 
in Figure 2, the change inapparent thickness ofthe mitral leaflets from 
systole to diastole ismuch more striking. 
leaflet width in patients with MVP. As quantified by %AW, 
there was on average a54% to 62% change in measured leaflet 
width for patients with MVP compared with a 22% to 34% 
change for control subjects. Thus, in comparison to control 
subjects, patients with MVP have a significantly (p < 0.005) 
greater change in leaflet width between diastole and systole. 
What are the potential mechanisms for such dramatic 
changes in apparent leaflet hickness in patients with MVP? It 
is known from pathologic studies (9-11) that the leaflets and 
chordae are elongated; the annular attachments are enlarged; 
and the surface area of the valve tissue is increased, resulting 
in a "floppy" appearance with redundant tissue forming inter- 
chordal "hooding." During early diastolic filling, as the leaflets 
drift back from their maximal excursion, they are not subject o 
direct distending forces. Early in diastole, the left ventricle has 
not filled to its eventual end-diastolic volume, so that chordal 
tension on the appositional margins of the leaflets is minimal 
(15). After peak early diastolic left ventricular filling, the mitral 
leaflets drift toward each other from their maximal opening 
excursion. During this phase of deceleration of early transmi- 
tral filling of the left ventricle, the mitral eaflets are relatively 
slack and tend to fold and overlap upon themselves. In 
contrast, during systole, developed intraventricular p essure 
distends the mitral leaflets, stretching their surfaces and bal- 
looning the valve like a sail or a parachute toward the left 
atrium (16). In patients with MVP detailed morphometric 
analysis of the mitral apparatus (15) has demonstrated that the 
superior displacement ofthe mitral eaflets exerts a traction on 
the papillary muscles, which results in abnormal superior 
displacement of the papillary muscle tips toward the mitral 
annulus in systole. In late systole, maximal distention of the 
mitral leaflets results in minimization of leaflet overlap and 
unfolding of the tissue, giving the appearance of thinning of 
the overall leaflet structures. Thus, the marked decrease in 
apparent mitral eaflet hickness between diastole and systole, 
which is seen in both patients with MVP and control subjects, 
is a direct consequence of the changes in hemodynamic loading 
to which the valve is subjected and the degree of tissue 
redundancy and leaflet overlap that occurs in the relatively 
unloaded iastolic state. 
A graphic example of this sequence of events is illustrated 
by a sequence of stop-frame images from a patient with MVP 
(Fig. 4) in whom macroscopic tissue overlap could be discerned 
to result in apparent thickening of the mitral eaflet in diastole. 
The first stop frame (A) from late systole demonstrates 
prolapse of both mitral leaflets into the left atrium and 
relatively thin valvular structures. In the succeeding three stop 
frames (B to D) obtained sequentially in early diastole (after 
initial maximal opening of the mitral valve), the slack mitral 
leaflets appear thicker. Note in particular that he distal margin 
of the anterior mitral leaflet folds on itself (B), creating the 
appearance of a thickened leaflet. Fortuitously, subsequent 
stop frames C and D demonstrate he unraveling of this 
redundant tissue, clearly demonstrating that tissue overlap 
accounted for the appearance of the mitral leaflet in stop 
frame B. 
Although macroscopic tissue overlap, reduplication and 
redundancy are major components of the apparent increase in 
mitral leaflet thickness in diastole, we cannot exclude an 
element of dynamic deformation of the tissue itself. Beyond 
the resolution of echocardiographic imaging techniques, it is 
certainly possible that systolic loading of the mitral leaflets 
results in connective tissue deformation and slippage of extra- 
cellular matrix elements, accounting for some of the decrease 
in apparent leaflet hickness in systole relative to diastole. Such 
elasticity of the leaflets (16) might explain both the systolic 
ballooning of the leaflets and stretch-related thinning of the 
mitral leaflet tissue. The histologic demonstration f loss of 
fibrous tissue and fragmentation, coiling and disruption of 
collagen bundles in the valvular tissue of patients with MVP 
may provide a structural basis for "tissue slippage" and 
"creep," which could result in apparent leaflet hinning under 
the stresses of systolic leaflet distention (17). Assuming leaflet 
mass is conserved, reductions in intrinsic tissue thickness 
should result in proportional increases in leaflet area. The 
methodology of the current study is incapable of quantitating 
such changes, but the example provided in Figure 4 suggests 
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Figure 4. Sequential stop-flame images of the heart in systole (A) and 
during subsequent diastole (B to D) from the two-chamber imaging 
plane obtained by transesophageal echocardiography from a ret- 
roatrial probe position i  a patient with mitral valve prolapse. The left 
atrium (LA) and left ventricle (LV) are illustrated. This unique 
sequence ofimages illustrates a potential mechanism for the appear- 
ance of increased diastolic leaflet width of the mitral valve in a patient 
with mitral valve prolapse. In systole (A), the mitral valve leaflets are 
seen prolapsing into the left atrium with portions of both leaflets lying 
on the left atrial side of a chord connecting the annular hinge points of 
the valve. The leaflets appear relatively thin and the distal portion of 
the body of the posterior leaflet (arrow) is the same thickness a  the 
rest of the body of the leaflet. In the first diastolic mage (B), the distal 
portion of the posterior mitral leaflet appears to be thickened (arrow). 
Subsequent diastolic images (C, D) demonstrate that the redundant 
posterior mitral leaflet has actually folded on itself (arrows) to create 
the appearance of a thickened leaflet. Because this fortuitous sequence 
of images demonstrated hat he apparent leaflet thickening noted in 
(B) was due to macroscopic reduplication a d overlap of the mitral 
leaflets, this series of images was not used for the calculations 
presented in the Results ection. 
that tissue overlap rather than dynamic deformation of the 
tissue itself may account for a large portion of the observed 
changes in apparent leaflet "thickness." The sequence of 
images in Figure 4 suggests hat systolic distention of the mitral 
leaflet unravels the enfoldings of redundant tissue, which 
entrap and enclose left ventricular blood pool during diastole. 
Whatever the mechanism, it is apparent that patients with 
MVP exhibit a greater range of dynamic alterations in appar- 
ent mitral eaflet hickness between diastole and systole than 
do control subjects. 
Relation to prior studies. Previous investigators clearly 
recognized the prognostic heterogeneity of the MVP syndrome 
(4-6) and identified apparent mitral leaflet thickness as a 
distinguishing feature of patients with MVP who subsequently 
developed adverse complications. These investigators were 
particularly careful to note that both intrinsic thickening of the 
leaflets and leaflet redundancy an contribute to the appear- 
ance of increased iastolic mitral leaflet width measured 
echocardiographically. The present study demonstrates that 
patients with MVP do indeed have increased iastolic leaflet 
thickness in comparison to control subjects. Furthermore, the 
apparent increased iastolic thickness of the mitral valve is a 
dynamic process, suggesting that tissue overlap and redun- 
dancy play a more significant role in the diastolic appearance 
of the mitral valve than does actual structural thickening of the 
leaflet issue itself. 
Study limitations. Previous postmortem studies (9,11,18) 
have demonstrated macroscopic thickening of the mitral eaf- 
lets of patients with MVP, which is due in part to replacement 
of the fibrosa by loose metachromatically staining myxomatous 
tissue with fibroelastic thickening of the surrounding endocar- 
dium (18). It is somewhat surprising, in this context, that the 
present study demonstrated only small, statistically insignifi- 
cant increases in systolic mitral leaflet width in patients with 
MVP compared with control subjects. These findings suggest 
that the measurement error inherent in our echocardiographic 
techniques does not permit he quantitation of the small but 
significant increases in leaflet tissue thickness demonstrated 
histologically in patients with MVP. During the cardiac ycle 
the varying position of the mitral leaflets relative to the 
transesophageal ultrasound beam may have an impact on 
the measurements obtained. As shown in Figures 2 and 3, the 
leaflets lie more nearly perpendicular to the interrogating 
beam in systole than they do in diastole. Thus, the axial 
resolution of the ultrasound beam influences apparent leaflet 
thickness in systole, whereas the lateral resolution of the 
ultrasound beam has a larger impact on the measurement of 
apparent leaflet hickness in diastole. Thus, greater resolution 
in the axial than in the lateral dimension may contribute to the 
"thinner" appearance of the mitral leaflets in systole. In 
addition, rapid leaflet oscillations, or fluttering, during the 
early diastolic losing of the mitral eaflets may be too rapid to 
be captured by echocardiographic imaging. Such temporal 
blurring could preferentially increase the apparent thickness of 
the mitral leaflets in diastole compared with measurements 
made in systole. Notwithstanding these technical consider- 
ations, both patients with MVP and control subjects were 
imaged under the same conditions, and hence were subject o 
the same systematic methodologic biases. Therefore, these 
methodologic considerations donot provide an explanation for 
the significantly greater fractional change in leaflet width from 
diastole to systole measured for patients with MVP compared 
with control subjects. 
Conclusions. The abnormal diastolic width of the prolaps- 
ing mitral leaflet measured by echocardiography is largely a 
dynamic phenomenon. Although increases in intrinsic mitral 
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leaflet thickness, as demonstrated in previous pathologic stud- 
ies, could not be discerned by echocardiographic measure- 
ments of systolic mitral leaflet width, such static increases in 
tissue thickness contribute less than dynamic phenomena to 
the abnormal diastolic leaflet width measured by echocardiog- 
raphy in patients with MVP. These findings have important 
implications for the echocardiographic quantification of "mi- 
tral leaflet thickness," a seminal morphologic feature of MVP. 
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